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underlies and is hydraulically connected to the High 
Plains aquifer.  
 
The Dakota aquifer is used for municipal, industrial and 
irrigation uses in central and western Kansas. Ground 
water flow in the Dakota aquifer is from recharge areas 
in southwestern Kansas and southeastern Colorado 
northeastward towards discharge areas in central Kan-
sas and Nebraska. Well yields range widely, but typically 
average between 50 and 100 gpm. In central Kansas, 
the Dakota overlies salt-bearing Permian deposits and is 
recharged, in part, by the saltwater, making the aquifer 
unusable. Some deeper portions of the Dakota aquifer 
become saline with total dissolved solids that exceed 
10,000 mg/L. 
 
There is growing interest in the Dakota aquifer as a wa-
ter source. Unlike the High Plains aquifer, it is still open 
to new appropriations in many areas. However, it is 
deeper, so more expensive to pump, has more variable 
water quality, and wells typically have lower yields than 
do those utilizing the High Plains aquifer.  
 
Flint Hills Aquifer - In the Flint Hills of eastern Kansas 
there are aqui-
fers of limited 
extent in the Per-
mian age lime-
stones of the 
Chase and 
Council Grove 
Groups. These 
provide water for 
farmsteads and 
small communi-
ties. Well yields 
range from 10 to 
100 gpm, typi-
cally, although 
some individual 
wells and springs 
discharge at con-
siderably higher 
rates. The town 
of Florence in 
Marion County 
gets its water from a local spring. The quality of water 
from these aquifers is suitable for most purposes, al-
though the sulfate concentrations can exceed 250 mg/L 
locally.(4)   

Osage Cuestas Aquifer System - Several of the sand-
stones and limestones of the Pennsylvanian age Doug-
las Group bear water utilized by small towns, rural water 
districts and domestic wells in eastern Kansas.  The pri-
mary aquifer occurs in the Tonganoxie and Ireland sand-
stones. These deposits are in ancient river valleys that 
were cut into older bedrock. Recharge to the aquifers 
comes primarily from precipitation where the rock units 
crop-out or occurs in the shallow subsurface. These aq-
uifers provide water to rural populations that do not have 
access to streams or reservoirs. Typical well yields are 5 
to 50 gpm or less. The aquifers are typically unconfined. 
Some of the wells produce water with fluoride concentra-
tions that exceed 1.4 mg/L.  Water quality deteriorates to 
the west, where it becomes more saline. Lateral move-
ment of the saline waters is a problem where well fields 
are close and are pumped too intensely. 
 
Ozark Aquifer - The Ozark Plateau aquifer system is lo-
cated in the southeastern corner of Kansas. It consists of 
two aquifer units separated by an impervious aquitard.  
The upper aquifer unit is the Springfield Plateau aquifer, 
the lower unit is the Ozark aquifer. In areas of southeast 
Kansas, where the Ozark aquifer is used as a water 

source, it is referred 
to as the Roubi-
doux. Elsewhere in 
Kansas, where not 
used as a drinking 
water source, it is 
often referred to as 
the Arbuckle.(4)   
 
The Ozark aquifer is 
a confined aquifer, 
occurring in frac-
tures and solution 
cavities within rock 
units consisting of 
soluble dolomite. It 
is a heterogeneous 
and high yielding 
aquifer, in which wa-
ter levels are very 
responsive to with-
drawals.  Well yields 

typically range from 150 to more than 2,000 gpm. Re-
charge comes from precipitation falling on the Ozark re-
gion in southern Missouri, where the Cambro-Ordovician 
rocks crop-out at the surface.   
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The aquifer is an important source of water for the tri-
state region of Missouri, Kansas and Oklahoma. Over 
the past two decades, water users in Cherokee and 
Crawford counties in Kansas have reported significant 
water level declines in wells, in some cases 50 to 100 
feet in just a few years, as a result of increased with-
drawals.   
 
Declines in the Ozark aquifer can induce recharge from 
the overlying Springfield aquifer, the Arbuckle portion of 
the aquifer to the west or sources deeper within the 
Ozark, which could result in declines in water quality.  
The Springfield aquifer contains numerous mining and 
industrial contaminants, which could leak downward into 
the Ozark aquifer. Also, as water levels continue to de-
cline in the freshwater part of the Ozark aquifer, brines 
from the Arbuckle could migrate eastward. The poor 
quality water, with high dissolved solids, chloride con-
centrations, and hardness, could cause treatment prob-
lems for some public water supplies and industries. 
 
Water Use 
 
Kansans divert approximately four million acre-feet of 
water annually for their use. Statewide, irrigation is the 
largest water user, accounting for 80-85 percent of all 
water diverted in most years. Municipal use is the sec-
ond largest water use category. Figure 9 shows 2006 
Kansas water use by category. About 90 percent of the 
water used is pumped from ground water sources.(11)  
 
Figure 10 shows county water use by type and relative 
amount across Kansas in 2006. The large amount of wa-
ter use in many western and south central counties, par-
ticularly for irrigation, stands out as does the very mod-
est overall use of water in many non-metropolitan east-
ern and north central counties. Ground water is the ma-
jor source of supply in western Kansas, while surface 
water supplies predominate in the east. 

All non-domestic Kansas water users must submit an 
annual water use report to the Kansas Department of 
Agriculture-Division of Water Resources (DWR). The 
DWR collaborates with the Kansas Water Office and the 
U.S. Geological Survey in publishing municipal and irri-
gation water use reports each year.(12) 

 

Climate 
 
Owing to its location, Kansas has a continental climate 
characterized by large variations in temperature, both 
seasonally and from day-to-day, and by concentration of 
precipitation during the growing season.  
 
The oceans are the primary source of atmospheric mois-
ture. In the case of moisture from the Pacific Ocean car-
ried inland on prevailing westerly winds, much is lost as 
snow and rain over the Rocky Mountains and other 
western mountain ranges. Thus, western Kansas is in a 
so-called “rain shadow” downwind from the Rockies. 
 
During summer, a semi-permanent area of high pres-
sure, the Bermuda High, develops in the western Atlantic 
Ocean. The clockwise circulation around the Bermuda 
High brings warm, moist air northward from the Gulf of 
Mexico into the central United States. Here, this moist 
airmass often interacts with cold fronts associated with 
storms steered by the jet stream, bringing rain and thun-
derstorms to Kansas. During the winter there is a much 
greater frequency of dry continental air masses originat-
ing over northern Canada, which results in much less 
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Figure 9.  Source: KS Dept. of Agriculture, DWR 

Figure 10. 
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precipitation during 
that season.  
 
Figure 11 illustrates 
the main influences 
upon the state’s cli-
mate.  
 
Wide seasonal tem-
perature variations are 
characteristic of Kan-
sas. Far from the tem-
pering influence of the 
ocean and without any 
mountain barrier to the 
north, Kansas is sub-
ject to occasional out-
breaks of Arctic air 
during winter and hot, 
dry air masses from 
the desert southwest 
during summer.  
 
Extreme temperatures 
recorded in the state 
have ranged from 1210F at Alton and Fredonia in July 
1936 down to -400F at Lebanon in February 1905. Total 
precipitation in a given year has ranged from 6.62 inches 
at Colby in 1910 to 71.99 inches at Hiawatha in 1973.(18) 

 
Climate Normals - Normal values for precipitation, tem-
perature and other variables are based upon a 30-year 
period of record, as recommended by the World Mete-
orological Organization. In the United States, these nor-
mals are established by the National Climatic Data Cen-
ter,(20) an agency within the National Oceanic and At-
mospheric Administration (NOAA).  NOAA is also the 
parent agency for the National Weather Service. 
 
The current climate normals are based upon the period 
1971 through 2000. These normals are adjusted every 
10 years. The next normal period will be 1981-2010. 
Normals may be established for individual weather sta-
tions, multi-county areas (climate divisions) within a state 
or for the state as a whole. In the case of individual sta-
tions, daily normals for maximum, minimum and average 
temperature and total precipitation are determined. Nor-
mal threshold dates for occurrences such as frost dates 
may also be determined. Monthly average temperature 

and total precipitation 
normals are estab-
lished for individual 
stations, climate divi-
sions and the state.  
 
Figure 12 shows the 
multi-county climate 
divisions within Kan-
sas. Figures 13, 14 
and 15 show statewide 
patterns of normal an-
nual total precipitation, 
normal annual tem-
perature and the nor-
mal number of days 
between the last frost 
of spring and the first 
frost of autumn. Tables 
3 and 4 following the 
maps provide current 
normal monthly total 
precipitation and aver-
age temperatures for 
each climate division. 

 
Climate Variability and Drought - In describing the differ-
ence between weather and climate an old adage states 
“climate is what you expect and weather is what you 
get.” Both weather and climate exhibit a great deal of 
variability in Kansas. This may be the case over several 
days, from year-to-year, or over a multi-year period. Pre-
cipitation variability is common throughout the year while 
temperatures tend to vary most during the winter. 
 
Perhaps the most striking example of this variability is 
the periodic recurrence of drought conditions in Kansas. 
Drought differs from other natural disasters in that its on-
set is generally slow, but it may persist for a long period 
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of time. Drought impacts are cumulative, first affecting 
soil moisture and agriculture, but ultimately affecting 
ground water levels, streamflow and reservoir storage if 
the drought is severe and persistent.(19)  
 
 

Drought is commonly monitored through the use of indi-
cators or indices and not by precipitation alone.(21) A 
common index used in the United States is the Palmer 
Drought Severity Index (PDSI). The PDSI is a soil mois-
ture algorithm developed in the 1960s. It is based on the 
supply and demand concept of the water balance equa-
tion and is commonly calculated by climate division. The 
PDSI varies roughly between +/- 6.00 with values of 1.00 
or above indicating wet conditions and values of -1.00 or 
below indicating drought of varying intensity. 
 
Figure 16 shows the trend in the PDSI in the Southwest 
Kansas Climate Division between 1895 and 2007. The 
temporal variability of moisture conditions is evident with 
the drought periods in the 1930s and 1950s clearly indi-
cated.(20)  
 
Implications of Climate Change - Climate change or 
“global warming” has been a contentious issue in recent 
years. The degree to which human activity has been re-
sponsible for change is particularly controversial.  Also, 
there is disagreement on how best to respond to climate 
change. Proposals to reduce greenhouse gas emissions 
to the atmosphere have received the most attention, but 
adaptation is another strategy being considered.  
 
On March 21, 2008, Kansas Governor Kathleen Se-
belius issued Executive Order 08-03 establishing the 
Kansas Energy and Environmental Policy Advisory 
Group (KEEP). The KEEP was directed to examine is-
sues related to climate change and energy in Kansas 
and to make recommendations to the Governor for re-
ducing greenhouse gas emissions in the state. A prelimi-
nary report is due in January 2009 with a final report to 
be submitted to the Governor on or before the first day of 
the 2010 legislative session.  
 
Models used to predict the future impacts of climate 
change tend to provide very broad projections that are 
difficult to reduce to a local scale. Attempts have been 
made to model the effects of climate change at a re-
gional scale in the United States, particularly in the Colo-
rado River basin. Model results at this scale are not 
available for the Great Plains or the Midwest.    
 
Due diligence in protecting water resources and adapt-
ing to future climate variability may be important to main-
taining and improving the quality of life and the state’s 
economy.   
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Figure 15. Source: KSU Weather Data Library 

Figure 14.  Source: KSU Weather Data Library 

Figure 13. Source: KSU Weather Data Library 
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Population and Demographic Change 
 
Kansas has experienced significant demographic 
changes since the end of World War II. As identified by 
Krider and Cliford,(23) these changes include 1) the con-

centration of population growth in the state’s urban coun-
ties, 2) the aging of the population, and 3) rapid growth 
in minority populations.  
 
Population growth in Kansas has lagged behind the na-
tional average in recent decades. During the 1980s, the 
population of Kansas increased by 4.8%, compared to a 
national increase of 9.8%. During the 1990s, population 
growth in Kansas, 8.5%, was four percent below the na-
tional figure.(26) Table 5 shows the total population of 
Kansas by decade since 1950 compared with that of re-
gional states.  
 
Worthy of note is that Kansas had a greater population 
than Colorado as recently as 1970. Colorado’s popula-
tion now exceeds that of Kansas by more than 2 million 
people. Also of interest is the mega-state status of 
Texas, the second most populous state in the Union fol-
lowing California. With 23.9 million people, the total 
population of Texas is nearly that of the other seven re-
gional states combined (24.7 million). 
 
The most significant Kansas population trend has been 
the rapid movement of people from rural to urban areas.
(23) Between 1950 and 2000, 44 Kansas counties experi-
enced a population decline of 25 percent or more. Thirty-
two counties grew during this time period. Growing coun-
ties were centered in the Kansas City and Wichita metro-
politan areas, southwest Kansas and counties serving as 
regional commercial and medical hubs. Other growing 
counties benefitted from hosting a state university or 
military base, or in being served by an interstate high-
way. 
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Table 3 
Kansas Normal Total Precipitation (inches) 

Climate Division 

NW WC SW NC C SC NE EC SE State 
Jan 0.51 0.52 0.49 0.65 0.74 0.76 0.90 1.09 1.26 0.77 
Feb 0.55 0.59 0.53 0.72 0.91 0.96 1.04 1.21 1.63 0.91 
Mar 1.51 1.57 1.49 2.21 2.43 2.48 2.53 2.75 3.22 2.25 
Apr 2.05 1.76 1.69 2.50 2.61 2.57 3.23 3.42 3.62 2.59 
May 3.71 3.25 3.10 4.19 4.39 4.05 4.95 5.07 5.23 4.18 
Jun 3.08 2.73 2.92 3.47 3.80 4.03 4.82 5.08 5.17 3.88 
Jul 3.43 3.37 2.86 3.85 3.83 3.37 4.38 3.94 3.92 3.61 
Aug 2.65 2.63 2.51 3.25 3.43 2.97 3.79 3.73 3.72 3.16 
Sep 1.45 1.54 1.61 2.50 2.54 2.59 4.15 3.95 4.14 2.68 
Oct 1.27 1.17 1.25 1.85 2.18 2.23 2.94 3.14 3.70 2.18 
Nov 1.00 1.04 0.88 1.50 1.62 1.64 2.29 2.64 3.11 1.73 
Dec 0.45 0.49 0.51 0.79 0.92 1.01 1.25 1.52 1.89 0.98 
Year 21.66 20.66 19.84 27.48 29.40 28.66 36.27 37.54 40.61 28.92 
Normal period 1971-2000 
Source: NOAA National Climatic Data Center 

Month 

Table 4 
Kansas Normal Average Temperature (0F) 

Month 

Climate Division 

NW WC SW NC C SC NE EC SE State 
Jan 27.4 28.6 30.7 26.4 28.3 30.4 25.9 28.0 30.8 28.8 
Feb 32.6 34.1 36.3 32.1 34.1 36.4 32.0 34.0 36.7 34.5 
Mar 40.6 42.1 44.5 42.1 43.9 45.5 42.7 44.4 46.6 43.8 
Apr 50.1 51.4 53.6 52.5 53.9 55.1 53.5 54.5 56.3 53.6 
May 59.9 61.1 63.2 62.4 63.7 64.8 63.6 64.2 65.4 63.3 
Jun 70.7 71.9 73.6 73.0 74.2 75.1 73.1 73.4 74.4 73.4 
Jul 76.5 77.4 78.7 78.7 79.8 80.5 78.1 78.6 79.7 78.8 
Aug 74.3 75.3 76.8 76.4 77.8 78.9 76.0 76.9 78.3 76.9 
Sep 64.9 66.2 68.0 67.2 68.7 70.0 67.3 68.3 69.7 68.0 
Oct 52.7 54.2 56.2 55.1 56.8 58.1 55.9 56.9 58.5 56.2 
Nov 38.0 39.5 41.9 40.0 42.1 43.4 41.4 43.1 45.1 41.8 
Dec 29.6 31.2 33.1 29.7 31.9 33.4 29.9 32.1 34.5 31.9 
Year 51.4 52.8 54.7 53.0 54.6 56.0 53.3 54.5 56.3 54.3 
Normal period 1971-2000 
Source: NOAA National Climatic Data Center 

Figure 16 



Page 13 

As a result of this population shift, the state’s population 
is increasingly being concentrated in its largest counties. 
By 2007, Johnson County had surpassed Sedgwick 
County as the state’s most populous. The 10 largest 
counties in 2007 had a total population of 1,766,684. 
This was some 63% of the state total. In 1950, the 10 
largest counties accounted for only 43% of the state’s 
total population. Figure 17 illustrates the estimated 2007 
population, by county, across Kansas. 
 
Population Projections - In the 1990s, the Kansas Water 
Office made county and river basin population estimates 
and projections out to the year 2040. These projections 
were endorsed by the Kansas Department of Administra-
tion-Division of the Budget as the official Kansas projec-
tions.(22) These are available at Kansas Population 1990-
2040. Water demands associated with these projections 
were made by county and by public water system.  
 
More recently, some adjustments to county population 
projections based on 2000 U.S. Census figures have 
been made as part of the analyses supporting the Kan-
sas Water Authority’s Reservoir Sustainability Initiative. 
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Table 5 
Total Population – Kansas and Regional States 

Year 
1950 1960 1970 1980 1990 2000 2007 

Arkansas 1,909,511 1,786,272 1,923,295 2,286,435 2,350,725 2,673,400 2,834,797 
Colorado 1,325,089 1,753,974 2,207,259 2,889,964 3,294,394 4,301,261 4,861,515 

Iowa 2,621,073 2,757,537 2,824,376 2,913,808 2,776,755 2,926,324 2,988,046 
Kansas 1,905,299 2,178,611 2,246,578 2,363,679 2,477,574 2,688,418 2,775,997 
Missouri 3,954,653 4,319,813 4,676,501 4,916,686 5,117,073 5,595,211 5,878,415 

Nebraska 1,325,510 1,411,330 1,483,493 1,569,825 1,578,385 1,711,263 1,774,571 
Oklahoma 2,233,351 2,328,284 2,559,229 3,025,290 3,145,585 3,450,654 3,617,316 

Texas 7,711,194 9,579,677 11,196,730 14,229,191 16,986,510 20,851,820 23,904,380 
Resident total population on April 1 of year indicated; 2007 population estimated as of July 1. 
Source: U.S. Census Bureau 

State 

http://www.kwo.org/Reports%20%26%20Publications/Reports%20and%20Publications.htm
http://www.kwo.org/Reports%20%26%20Publications/Reports%20and%20Publications.htm
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Resources 
 
 Surface Water Availability 
1. Kansas Water Office Reservoir Information. http://

www.kwo.org/ReservoirInformation/Reservoir%
20Information.htm.  

 
2. U.S. Geological Survey Surface Water Data for Kan-

sas. http://waterdata.usgs.gov/ks/nwis/sw/.  
 
 Ground Water Availability 
3. Water Supply Paper 2275. Bevins, Hugh E., Spruill, 

Timothy B. and Kenny, Joan F. 1984. Kansas 
Ground-Water Resources. U.S. Geological Survey, 
National Water Summary. 

4. Buchanan, Rex and Buddemeier, Robert W. 1993.  
Kansas Ground Water: An Introduction to the State's 
Water Quantity, Quality, and Management Issues, 
Kansas Geological Survey, Educational Series 10. 

 
5. Macfarlane, P. A. 1997. The Dakota Aquifer System 

in Kansas. Kansas Geological Survey, Public Infor-
mation Circular No. 7. 

 
6. Rogers, Danny H. and Sothers, William M. October 

1997. Kansas Water Supplies. Kansas State Univer-
sity. Agricultural Experiment Station and Cooperative 
Extension Service, L-910, revised.  

 
7. Schloss, J. et al. 2000. An Atlas of the Kansas High 

Plains Aquifer, Kansas Geological Survey, Educa-
tional Series 14.  
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8. Kansas Geological Survey, Water Educational Re-
sources. http://www.kgs.ku.edu/Hydro/
hydroPubs.html.  

 
9. U.S. Geological Survey Ground Water Data For Kan-

sas. http://waterdata.usgs.gov/ks/nwis/gw/.  
 
 Water Use 
10. Kenny, Joan F. and Hansen, Christi V. December 

2004.  Water Use in Kansas, 1990-2000. U.S. Geo-
logical Survey Fact Sheet 2004-3133.  

 
11. Kansas Department of Agriculture, Division of Water 

Resources, Water Use in Kansas. http://
www.ksda.gov/appropriation/?cid=321.  

 
12. Kansas Water Office, Municipal and Irrigation Water 

Use Reports.  
 
13. U.S. Geological Survey, Kansas Water Use in 2000. 

http://ks.water.usgs.gov/studies/wateruse/.  
 
 Climate 
14. Brown, Merle J. and Bark, L. Dean. March 1971.  

Drought in Kansas. Kansas State University, Agricul-
tural Experiment Station, Bulletin 547. 

 
15. Flora, Snowden D.  June 1948. Climate of Kansas. 

Report of the Kansas State Board of Agriculture, Vol. 
LXVII, No. 285.  

 
16. Goodin, Douglas G., Mitchell, James E.. Knapp, 

Mary C., and Bivens, Raymond E. 1995, reprinted 
2004.  Climate and Weather Atlas of Kansas. Kansas 
Geological Survey, Educational Series 12. 

 
17. High Plains Regional Climate Center. http://

www.hprcc.unl.edu/.  
 
18. Kansas State University, Weather Data Library.  

http://www.oznet.ksu.edu/wdl/.  
 
19. National Drought Mitigation Center.  http://

www.drought.unl.edu/.  
 
20. NOAA National Climatic Data Center. http://

www.ncdc.noaa.gov/oa/ncdc.html.  
 
21. National Integrated Drought Information System, 

U.S. Drought Portal.   

 Population and Demographic Change 
22. Kansas Water Office. Population Estimates and Pro-

jections, State of Kansas, 1990-2040. 
 
23. Krider, Charles and Clifford, Norman. June 2001.  

Demographic Changes in Kansas: Implications for 
State Policy. The University of Kansas, Kansas Cen-
ter for Community Economic Development Policy 
Research Institute, Technical Report Series, Report 
No. 53.  

 
24. Kansas Division of the Budget, Certified Population 

Data. http://budget.ks.gov/ecodemo.htm.  
 
25. Kansas State University, Kansas Population Center. 

http://www.k-state.edu/sasw/kpc/.  
 
26. U.S. Census Bureau, State and County QuickFacts. 

http://quickfacts.census.gov/qfd/states/20000.html.  
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